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THE CHLORINATION OF THE NTETHYL, ETHYL, ISOPROPYL, AND NORikiAL PROPYL 
ESTERS OF MONOCHLOROACETIC ACID 
PART I 
HISTORY 
A survey of the literature shows that no work has been published 
1 
on the chlorination of the esters of monochloroacetic acid. Waddle 
and Gayler2, however, have studied the action of chlorine on the butyl 
and propyl esters of trichloroacetic acid. It seemed that the chlorina-
tion of some esters of monochloroacetic acid would throw additional 
light on the relative reactivity of hydrogen atoms attached to primary 
and secondary carbon atoms as well as to prepare some new chlorinated 
esters which might have some value as solvents. 
PART II 
PREPARATION OF THE ESTERS 
The methyl, ethyl, isopropyl, and normal propyl esters of mono-
chloroacetic acid were prepared by refluxing 5 moles of Merck's U.S.P. 
monochloroacetic acid with 10 moles of the alcohol and 50 cc concentrated 
sulfuric acid for about 8 hours. The excess alcohol was then distilled 
1Waddle, H.M., J. Am. Chem. Soc., 61 3361 (1939) 
2 
Gayler, C.W., ibid., (22 3358 (1940) 
2 
off and the crude ester was washed thoroughly with water. The crude ester 
was then washed with 5 per cent sodium carbonate solution to remove any 
traces of free acid. The ester was finally washed with water, dried over 
anhydrous calcium chloride, and distilled through a 50 cm Vigreaux column. 
The ester thus obtained was again distilled and the middle cut of the pure 
fraction was used for the chlorination. 
All molar refractions were determined by substituting the experimental 
index of refraction and density in the Lorinz and Lorentz equation. 3 
MD'  n
2 — 1  . m 
n2 4- 2 
where n is the index of refraction, d the density and m the molecular 
weight of the compound. The value thus obtained is listed in the tables 
under the heading, MD found. The calculated molar refractions were obtained 
from the empirically deduced atomic and structural refractive constants 
given by Smiles! 
Table I shows the physical properties of the esters which were 
prepared. The literature values given in the table were taken from 
Beilstein.
5 
3Shriner and Fuson, Identification of Organic Compounds, 2nd Ed., 
John Wiley and Sons, p.107 (1940) 
"Smiles, The Relation Between Chemical ConstitutiOn and Some  
Physical Properties, Longmans, Green and Co. (1919 
5Beilstein, Handbuch der Organischen Chemie 4th Ed., Vol.II, p.198 
Physical Constants of stets Prepared 
















Methyl 1 128-9 129.6 1.2308 1.2358 1.4213 1.42207 22.84 22.68 45.5 
Methyl 2 128-9 129.6 1.2327 1.2358 1.4211 1.42207 22.85 22.68 51.1 
Methyl 128-9 129.6 1.2344 1.2.58 1.4221 1.42207 22.34 22.68 52.5 
Ethyl 1 142 143.5 1.1505 1.1520 1.4211 1.42162 26.91 27.29 66.6 
Ethyl 2 142 143.5 1.148 1.1520 1.4210 1.42162 27.06 27.29 51.5 
Ethyl 2A 143 143.5 1.1510 1.1520 1.4225 1.42162 27.29 27.29 55.5 
Ethyl 3 142 143.5 1.1507 1.1520 1.4212 1.42162 26,94 27.29 
Iso Propyl 1 148 149 1.0866 1.0944T) 1.4192 	 31.75 31.89 48.7 
Iso Propyl 2 148 149 1.087 1.0944( 5 ) 1.L192 	31.72 31.89 21.2 
n. Propyl 1 161-2 161 1.102 1,1050 1.4250 1.42557 31.66 31.89 71.0 
n. Propyl 2 160 161 1.1010 1.1050 1.4250 1.42557 31.69 31.89 48.5 
n. Propyl 3 161 161 1.1025 1.1050 1.4250 1.42557 31.43 31.89 
4 
1).!RT III 
CHLWINTION OF THE ESTERS 
Each ester was chlorinated by passing gaseous chlorine through 
0 
the ester at 120 C. in the presence of a 150 watt light bulb placed 
5 cm from the chlorinating flask. The chlorination temperature was 
selected as 120
o
C. because of the work of Waddle and Gayler
1,2 
who found 
that the trichloroacetates chlorinated readily at that temperature. 
The chlorinating flask was a one-liter boiling flask with the 
female part of a number 24/40 standard taper ground glass joint sealed 
to the central neck. Three additional necks of 7/16 inch diam eter were 
symetrically located around the central neck. The male part of the 
ground glass joint was sealed to a piece of glass tubing which served 
as a guide and a bearing for a mechanical stirrer. 
The source of chlorine was a tank of commercial chlorine. The 
chlorine was passed through a concentrated sulfuric acid washing bottle 6 
and a flowmeter containing concentrated sulfuric acid before entering 
the flask. The outlet gases were passed through a spiral condenser and 
finally the unreacted chlorine and hydrogen chloride were absorbed in a 
water trap. 
digram of the chlorinating apparatus is shown by Gayler. 7 A 
constant temperature of 120
o
C. was maintained during chlorination by 
means of an oil bath equipped with an immersion electrical heater and 
6McKenny, Ind. Eng. Chem., 1:inal. Ed., 6 258 (1934) 
7Gayler, Georgia School of Technology, 4astsr's Thesis, p.bi (1940) 
5 
therore ator oper-ted by a thermionic relay.
8 
The esters were chlorinated in duplicate batches of approximately 
2 gram moles each. A typical chlorination was carried out as follows: 
The ester to be chlorinated was placed in the chlorinating flask, the 
flask was connected. to the water trap, and the stirrer was started. The 
oil both and ester were brought to working temperature, and the chlorine 
tarh,.. was opened. The pressure of the chlorine was adjusted until the 
sulfuric acid in the flowmeter showed a reading of about 20 ram which 
corresponded to a rate of flow of approximately 20 grams per hour. The 
amount of chlorine absorbed was determined by weighing the flask. 
Chlorination was discontinued Then the ester absorbed a weight of chlorine 
corresponding to mono chloro substitution. The tables II through XII give 
the chlorination data for each batch. 
The chlorinated. methyl chloroacetate batch I was ruined by sodium 
hydroxide solution sucking back into the chlorinating flask. hatch II of 
ethyl chloroacetate was lost due to breakage of the chlorinating flask. 
Ethyl chloroacetate batch I and normal propyl chloroacetate batch I de-
comPosed during the summer of 1941. This decomposition was probably 
wrought scout by the impurities present due to the solvent action of the 
esters on a rubber stopper in the central neck of the flask. This stopper 
replicad with a ground glass joint and all subsequent chlorination 
products were stable and water clear. 
`Udy and Floissi, Ind. Eng. Chem., Anal. Ed., 12 757 (1940) 
6 
Ti-IBLE II 
Chlorination of Methyl Chloroacetate Batch I 
Weight of ester = 217 grams = 2 moles 
Weight of chlorine absorbed after 3 hours -- 18 grams 
Weight of chlorine absorbed after 5 hours -- 27 grams 
Sodium hydroxide solution was sucked back into the flask. Batch ruined. 
TBLE III 
Chlorination of Methyl Chloroacetate Batch 2 
eight of ester = 217 grams 
leight of chlorine absorbed 
Weight of chlorine absorbed 
Weight of chlorine absorbed 
Weight of chlorine absorbed 
Weight of chlorine absorbed 
Weight of chlorine absorbed 
Weight of chlorine absorbed  
= 2 moles 
after 3 1/2 hours --- 41 grams 
after 6 hours 
after 8 hours 
after 10 hours 
after 11 3/4 hours -- 65 grams 
after 13 1/2 hours -- 69 grams 






ChlorLnation of Methyl Chloroacetate Batch 12 
Weight of ester - 217 grams 
Weight of chlorine absorbed 
Weight of chlorine absorbed 
Weight of chlorine absorbed 
Weight of chlorine absorbed 
eight of chlorine absorbed 
Weight of chlorine absorbed 
= 2 moles 




after 9 1/2 hours -- 48 grams 
after 11 1/2 hours - 57 grams 
after 14 hours ----- 66 grams 
after 15 1/2 hours -- 69 grams 
after 15 3/4 hours -- 72 grams 
TABLE V 
Chlorination of Ethyl Chloroacetate Batch 1 
Weight of ester = 245 grams = 2 moles 
Weight of chlorine absorbed after 4 hours 
Weight of chlorine absorbed after 6 hours 
43 grams 
61 grams 
Weight of chlorine absorbed after 7 hours 10 min. - 69.5 grams 
Weight of chlorine absorbed after 7 1/2 hours ---- 71 grams 
TABLE VI 
Chlorination of Ethyl Chloroacetate Batch 2A 
Weight of ester . 245 grams = 2 moles 
Weight of chlorine absorbed after 5 hours 	 56 grams 
Weight of chlorine absorbed after 6 1/2 hours -- 60 grams 
Weight of chlorine absorbed after 8 hours 	 71 grams 
8 
TABLE VII 
Chlorination of Ethyl Chloroacetate Batch 3 
Weight of ester = 226.5 grams 1.85 moles 
Weight of chlorine absorbed after 4 hours 	  35.5 grams 
Weight of chlorine absorbed after 6 hours 20 min. 	 56.5 grams 
'eight of chlorine absorbed after 7 hours 30 min. 	 64.5 grams 
TABLE VIII 
Chorination of Isopropyl Chloroacetate Batch 1 
Weight of ester = 273 grams = 2 moles 
Weight of chlorine absorbed after 5 3/4 hours ------ 49 grams 
Weight of chlorine absorbed after 7 1/4 hours 	 63 grams 
Weight of chlorine absorbed after 8 1/2 hours 	 72 grams 
TABLE XI 
Chlorination of Isopropyl Chloroacetate Batch 2 
Weight of ester . 230 grams = 1.67 moles 
Weight of chlorine absorbed after 4 1/2 hours ------ 39.5 grams 
'Weight of chlorine absorbed after 6 1/2 hours 	 51.5 grams 
Weight of chlorine absorbed after 7 1/4 hours 	 57.5 grams 
Weight of chlorine absorbed after 7 1/2 hours 	 59.5 grams 
TABLE X 
Chlorination of Normal Propyl Chloroacetate Batch 1 
Weight of ester = 273 grams = 2 moles 
Weight of chlorine absorbed after 3 1/2 hours 	 38 grams 
Weight of chlorine absorbed after 6 hours 	 66.5 grams 
Weight of chlorine absorbed after 6 1/2 hours 	 71 grams 
TART K XI 
Chlorination of Normal Propyl Chloroacetate Batch 2 
Weight of ester = 273 grams = 2 moles 
Weight of ch16ine absorbed after 4 hours 	 40.5 grams 
Weight of chlorine absorbed after 6 1/2 hours 	 68.5 grams 
Weight of chlorine absorbed after 7 hours 	 71 grams 
TABLE XII 
Chlorination of Normal Propyl Chloroacetate Batch 3 
Weight of ester = 273 grams = 2 moles 
Weight of chlorine absorbed after 4 hours 






Weight of chlorine absorbed after 8 1/2 hours -- 64.8 grams 




,ii)RaATjS ATT PROCEDURE FOR SEPARATING THE CHLORINATED ESTERS 
The compounds contained in the mixture of chlorinated esters 
were separated by fractional distillation under reduced pressure. 
The fractionating column was of the partial take off, total reflux, 
10 
packed column variety as decribed by Waddle and Adkins. 
A constant pressure of 17 mm. of mercury was maintained by means 
of a flutter valve operated by a therrnionic relay circuit. 11 The pot 
heat was controled by a De Khotinsky thermoregulator and a duplicate 
relay circuit. 
A diagram of the fractionating column and accessories is found 
in the work of Gayler. 12 
The distillations were carried out in the usual manner as described 
by Morton.
13 
The chlorinated ester was placed in the usual distilling 
flask and the dissolved hydrogen chloride was removed by reducing the 
pressure on the column by means of a water aspirator. After removal of 
the hydrogen chloride the column was connected to the vacuum pump and 
the not heat regulated until moderate refluxing occured in the side arm 
of the column. The partial take off stopcock was then turned until a 
107addle and Adkins, J. Am. Chem. Soc., 61 3361 (1939) 
11
Rudy and Fugassi, Ind. Eng. Chem., Anal. Ed. 12 757 (1940) 
12
Gayler, Georgia School of Technology, Master's Thesis, p.9a (1940) 
13
Morton, Labratory Technique in Organic Chemistry,  p.81. McGraw 
Hill (1938) 
11 
ratio of 1 drop t-ken off to 40 to 60 drops returning to the still 
was obtained. This ratio was maintained throughout the distillation. 
During the distillation the temperature of the dead air space surrounding 
the column was kept 5 to 10
0 
below the reflux temperature. Each dis-
tillation required from 60 to 100 hours. 
Tables XIII through XX give the fractionation data for each 
batch of chlorinated ester. 
12 
TABLE XIII 















1 . 37-39°  84 0  350 2 g 2 g 
2. 39-40 85 35 2.5 4.5 
3. 40-41 90 35 18.5 23 
4. 41-43 94 35 7.5 30.5 
5. 43-47 95 36 7.0 37.5 
6. 47-50 100 34 21.5 59.0 
7. 50-57 105 40 9.0 68.0 
8. 57-72 110 51 4.0 72.0 
9. 72-75 110 60 4.5 76.5 
10. 75-76 110 60 3.5 80.0 
11. 76-77 115 71 176.0 256.0 1.4580 
Residue 21.5 
Cuts 1-10 were placed in smaller flask and refractionated 
1 . 37-39° 85 °  33°  .5 g .5 g 1.4409 
2. 39-40 92 34 1.1 1.6 1.4282 
3. 40-41 95 35 9.5 11.1 1.4239 
4. 41-42 95 36 8.0 19.1 1.4240 
5. 42-43 95 36 4.9 24.0 1.4258 
6. 43-44 95 35 2.3 26.3 1.4277 
7. 44-45 97 41 3.4 29.7 1.4306 
8. 45-46 98 42 3.0 32.7 1.4334 
   
(Continued) 
Column 	Weight Total n 2 

























	 420 	2.4 g 35.1 g 1.4362 
98 	 40 	4.0 	39.1 	1.4391 
98 	 40 	5.2 	44.3 	1.4413 
110 	 43 	10.0 	54.3 	1.4431 
120 	 44 	2.5 	56.8 





    
    
desidue 9.0 
TABLE XIV 





















38 ° 7 g 7g 1.4260 
2. 44-45 90 38 7.3 14.3 1.4279 
J • 45-47 90 38 3.5 17.8 1.4292 
4. 47-48 90 38 4.0 21.8 1.4327 
5. 48-50 95 38 5.8 27.6 1.4369 
6. 50-53 100 45 5.6 33.2 1.4400 
7. 53-57 105 48 5.4 38.6 1.4428 
8. 57-74 110 57 4.0 42.6 1.4468 
9. 74-78 110 63 5.0 47.6 1.4531 




















1. 0 36-4  75o 35 1.9 g 1.9 g 
2. 40-47 75 0.6 2.5 
3. 47-49 80 2.8 5.3 
4. 49-50 85 1.1 6.4 
5, 50- 51 95 42 14.9 21.3 1.4222 
6. 51-53 95 45 9.7 31.0 1.4240 
7. 53-55 95 45 0.8 31.8 
8. 55- 60 95 45 1.4 33.2 
9. 60-62 95 45 1.0 34.2 
10. 62-67 95 47 2.2 36.4 
11. 67-76 100 67 4.3 40.7 
12. 76-77 100 67 8.3 49.0 
13. 77-79 100 70 91.3 140.3 1.4476 
14. 79-90 120 75 0.7 141.0 
15. 90-97 120 80 1.9 142.9 
16. 97-99 120 90 2.4 145.3 
17. 99-100 125 91 3.3 148.6 



















2 nu0  
1. 25-390 1.5 g 1 . 5 g 
0 0 
2. 39-50.5 95 37 3.4 4.9 
3. 50.5-52 100 41 16.7 21.6 1.4218 
4. 52-66 100 56 6.9 28.5 
5. 66-76 105 56 3.8 32.3 
6. 76-77 105 70 2.3 34.6 
7. 77-78 105 72 65.7 100.3 1.4471 
8. 78-79 46.9 147.2 1.4472 
9. 79-85 125 79 7.5 154.7 
10. 85-97 125 80 3.3 158.0 
11. 97-100 130 83 8.4 166.4 
12. 100-102 51,4 217.8 1.4649 
16 
TABLE XVII 

















1. up to 29° 55 ° 
 
33° 27.4 g 27.4 g 1.4488 
2. 29-38 70 38 2.3 29.7 1.4435 
3. 38-51 70 38 2.2 31.9 1.4315 
4. 51-53 70 43 2.5 34.4 1.4224 
5. 53-54 70 43 1.4 35.8 1.4223 
6. 54-55 70 53 55.6 91.4 1.4198 
7. 55-56 39.2 130.6 1.4200 
8. 56-59 90 54 4.1 134.7 1.4238 
9. 59-62 100 55 3.2 137.9 1.4283 
10. 62-67 105 60 2.6 140.5 1.4333 
11. 67-74 110 68 5.6 146.1 1.4568 
12. 74-75 110 69 2.9 149.0 1.4750 
13. 75-76 115 71 4.8 153.8 1.4832 
14. 76-80 115 80 13.2 167.0 1.4840 
15. 80-85 115 78 3.9 170.9 1.4845 
16. 85-90 115 80 1.8 172.7 1.4848 
17. 90-95 120 81 2.7 175.4 1.4765 
18. 95-99 120 3.8 179.2 1.4645 
19. 99-101 120 8.6 187.8 1.4538 


















2 rap0  
0 o 
1. up to 52 ° 60 31 
2. 52-54 75 40 2.4 g 2.4 g 1.4218 
3. 54-55 75 42 61.8 64.2 1.4200 
4. 55-56 85 43 4.0 68.2 1.4222 
5. 56-67 105 52 8.8 77.0 1.4318 
6. 67-72 110 55 2.6 79.6 1.4575 
7. 72-74 115 64 1.6 81.2 1.4762 
8. 74-75 120 67 7.9 89.1 1.4852 
9. 75-76 120 69 4.7 93.8 1.4872 
10. 76-77 120 68 2.0 95.8 1.4865 
11. 77-78 120 69 0.9 96.7 1.4877 
12. 78-95 120 88 8.9 105.6 1.4807 
13. 95-100 120 89 8.4 114.0 1.4600 






















1. 60-63 ° 100° 50 2.0 g 2.0 g 1.4261 
2. 63-64 100 50 24.7 26.7 1.4251 
3. 64-65 100 56 7.1 33.8 1.4256 
4. 65-66 100 56 4.2 38.0 1.4267 
5. 66-80 120 72 2.6 40.6 1.4303 
6. 80-85 120 77 3.1 43.7 1.4380 
7. 85-88 120 77 3.2 46.9 
8. 88-89 120 77 7.0 53.9 
9. 89-90 120 77 6 .2 60.1 1.4479 
10. 90-91 120 77 2.9 63.0 . 1.4476 
11. 91-93 120 88 6.4 69.4 1.4493 
12• 93-96 120 88 3.9 73.3 1.4506 
13. 96-100 120 88 7.8 81.1 1.4523 
14. 100-101 120 90 53.2 134.3 1.4562 
15. 101-102 125 93 31.0 165.3 1.4575 
16. 102-108 130 93 9.6 174.9 1.4591 
17. 108-113 130 98 11.1 186.0 1.4640 
18. 113-115 133 95 12.6 198.6 1.4656 
19. 115-116 133 95 71.1 269.0 1.4640 
20. 116-125 140 95 5.1 274.1 1.4621 
21. 125-127 --- 7.5 281.6 1.4732 
19 
TABLE XX 

















1. 63-64 ° 100° 50° 43.0 g 43.0 g 1.4253 
2. 64-82 --- 4.0 47.0 
3. 82-84 1.7 48.7 
4. 84-87 110 60 2.0 50.7 
5. 87-88 110 60 7.2 57.9 
6. 88-89 70 8.3 66.2 1.4487 
7. 89-93 110 70 9.1 75.3 
8. 93-98 115 5.5 80.8 
9. 98-99 120 5.6 86.4 
10. 99-100 5.8 92.2 
11. 100-101 -- 68.1 150.3 1.4567 
12. 101-102 13.2 163.5 
13. 102-112 150 98 16.0 179.5 
14. 112-115 17.3 196.8 
15. 115- 150 105 61.7 258.5 1.4639 
P,I,HT V (A) 
IDENTIFICATION OF THE COMPOUNDS PHODUCED BY THE 
CHLORINgTION OF THE ESTERS 
The compounds produced by chlorinating the esters were located 
by plotting rectification curves from the fractionation data given in 
tables XIII through XX. From these curves the approximate boiling 
points of the compounds were obtained and the fractions containing the 
pure compounds were saved. 
Each pure fraction which did not decompose with water, was washed 
successively with water, 5 per cent sodium carbonate solution, and water, 
dried over anhydrous calcium chloride and distilled through a 10 inch 
Widmer type column at 17 mm. Those fractions which decomposed with water 
were distilled without washing. These purified fractions were then 
analyzed for chlorine by the method of Stepanow
14 
as outlined by Kamm. 15 
During the fractionation of each ester a low boiling material 
collected in the dry ice trap which, when distilled at atmospheric 
pressure, boiled at 106 °C. This material reacted violently with water, 
had a very irritating odor, and reacted with ammonia to give a white 
crystalline compound which melted at 119°C. It reacted with aniline to 
give a compound which melted at 133°C. Chloroacetamide melts at 119 ° 
and chloroacetanilde at 134. 16 
14Stepanow, Ber., 22 4056 (1906) 
15 
Kamm, Qualitive Oceanic Ana1ais, 2nd Ed., p.200, John Hiley 
and Sons (1938) 
16Shriner and Fuson, Identification of Organic Compounds, 2nd Ed., 
p.179, John Wiley and Sons (1707— 
20 
A -7707.V.7. 1-PftrfIE Of CHLb / 1A rr-p: ---1 
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mml..116......1112.1111.1110MININIMIlaginirartrr"_ • /1_Vgrr'Ierl'''rnqr ir'Xffik,IlgIIISINIIIIMINMISIIrMWE'It-r'7"Ctlla•CgdiffrVfiWINIWIMgl=aimAM 
23 
The boiling point of chloroacetyl chloride is 105 °C. 17 
It was therefore concluded that this material was chloroacetyl 
chloride and was produced by the chlorinolysis of the ester according 
to the following .equation:- 
H 	0 	C12 ( H 	 0 
R - C 0 - C CH2C1 	RC - 0 - Cl 	Cl - - CH2C1 
H y 
RCHO ♦ _HCl 
The aldehydes which should have been formed according to the above 
reaction were not isolated. All of the aldehydes to be expected from 
the chlorination of the esters studied, however, are low boiling and 
polymerize readily in the presence of acids. It is very probable that 
the aldehydes were lost by being boiled off at the high chlorination 
temperature, or were polymerized to high boiling materials which were left 
in the residue when the esters were fractionated. 
PART V (B) 
PRODUCTS OBTAINED BY CHLORINATING METHYL CHLOROACETATE 
An inspection of tables XIII and XIV and figures 1 and 2 shows one 
main fraction which had a boiling point of approximately 76 °C at 17 mm. 
When further purified this compound from Batch II had the following 
properties:- 
Color 	 water clear 
Odor 	 sharp 
1 7Shriner and Fuson, Identification of Oraanicgoyounds, 2nd Ed., 
p.179, John Wiley and Sons (1940) 





Cl -C- 0 -C-C- Cl 
H 	 H 
The yield of chloromethyl chloroacetate was 70 pre cent for batch lA 
and 61.5 per cent for batch 2. 
beilstein
20 
gives the following properties for chloromethyl 
chloroacetated: - 




PART V (C) 
PRODUCTS 03TAINED by CHLORINATING 	CHLOROACETATE 
An inspection of tables XV and XVI and figure 3 and 4 reveals 
three main fractions which result from chlorinating ethyl chloroacetate. 
These fraction have the following approximate boiling points at 17 mm. 





Next highest boiling fraction --- 77.5 C 
Lowest boiling fraction 	 51°C 
The highest boiling fraction after washing and redistillation had the 
following properties:- 
Color ----- water clear 
Odor ------ slightly sweet, pleasant 
boiling point at 17 wia. 	 100-101°C 













Found 	 Calc'd for 	Found 	Calc'd for 
Dichloro Compound Dichloro Compound 
32.27 	 32.24 	 32.27 	 32.35 
x, Cl 	46.54 	 45.50 
Yield 	19.7 	 17.7% 
This compound reacted with concentrated ammonium hydroxide to yield 
chloroacetamide, melting point 119 °C. The chloroacetamide was filtered 
off aria the filtrate was ey,tracted with ether for about 10 hours in a 
21 
	
continuous extraction apparatus. 	The ether was then distilled off and 
the residual liquid cooled in an ice bath. The additional chloroacetamide 
which separated out was filtered off and the filtrate distilled through 
an 8 inch Widmer type column. a main fraction was obtained from this 
distillation which had a boiling point of 125-128 °C. This cut, when re-
distilled in a smaller column, produced a liquid containing chlorine and 
had the following properties:- 








gives the following physical properties for ethylene chlorohydrin 
Boiling. point ---- 128.6 °C 
21M
orton, _..lora iue:giL.nOrl12.11:12ta, p.206, McGraw 
Hill (1938) 
22
Heilbron, Dictionary of Organic Compounds, Vol.2, p.29, Oxford 









No solid derivatives are listed. The molar refraction obtained 
experimentally as 17.79. The calculated value for ethylene chlorohydrin 
is 17.78. 
Evidently, then, since the compound gave chloroacetamide and 
ethylene chlorohydrin on treatment with concentrated ammonium hydroxide, 
the compound had the following structure:— 
H H 	0 H 
Cl—C—C— 0 —C—C—Cl 
H H 
Which i.e the structure of (J chloroethyl chloroacetate. 
Beilstein - lists this compound and gives the following physical 
pro)erty:— 
	 1.317 













From the phsical properties of ethyl chioroacetate listed in 
taPle I it 	s concAided that this frtion was unreacted ester. 
2') 
Seilstein, Handbuch der  Organische Chemie, 4th Ed., Vol.2, p.19C 
• 
30 
The fraction which boiled at 77.5 0C at 17 mm. had the following 
physical properties after purification by washing and distilling:- 
Boiling point at 17 mm. 
Color 	 -- • --- water cleer 
Odor 	  pleasant 
Batch 2A 	 Batch 3 
20 
U 
	 1.4478 	 1.4472 
, 20 	
1.3149 	 1.3142 D -- 
Calc'd for 	Found 	 Calc'd for 
Dichloro Comp. Dichloro Comp. 
Found 
32.24 	 31.97 	 32.24 
 
31.9 




Yield 	29% 	 38. 
This compound reacted with concentrated ammonium hydroxide to 
give chloroacetamide, melting point 119 °C, thus proving that it mas a 
chloroacetate. 
Since the chlorine analysis Showed the compound contained 2 
chlorine atoms to the molecule and the chloroacetamide showed that it was 
a chloroacetate, and since f chloroethyl chloroacetate had been shown to 
be present, the only remaining possible structure is that of of chloro 
ethyl chloroacetate whose structure is:- 
H H 	0 H 
HC -C -0- 	C Cl 
H Cl 
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IfiTIFICATION OF THE PHODUCTS iESULTING FHOM THE 
CHLORINATION OF ISOPROPYL CHLOROACETATE 
Tables XVII and XVIII and figures 5 and 6 show that three main 
fractions are obt , ined on fractionating the chlorinated isopropyl 
chloroacetate. These main fractions had the following approximate 
boiling points:- 
Highest boiling fraction 	 101°C at 17 mm. 
o. 
Next highest boiling fraction -- 77 C at 17 mm. 
Lowest boiling fraction 	 55 °C at 17 mm. 
The fraction which boiled at 55 °C at 17 mm. had the following 
physical properties:- 
Batch 1 	 Batch 2 
20 
1.4199 	 1.4200 
D20 1.0867 	 1.0674 
4 
It was apparent from the physical properties of isopropyl 
chloroacetate listed in table I, that this fraction was unreacted 
isopropyl chloroacetate. The unreacted ester amounted to 34.7 per cent 
in catch 1 and 22.7 per cent in batch 2. 
The fraction which boiled at 101°C had the following properties 
after purificiation:- 
Color  	water clear 
Odor -------- sweet 










1.2743 D20 4 
Calc'd for 	 Found 	Calc'd for 	 Found 







20.2 	 22.4 
This compound reacted with concentrated ammonium hydroxide to 
give chloroacetamide, melting point 119°C, which showed that it was a 
chloroacetate. When the filtrate from the ammonium hydroxide treatment 
was continuously extracted with ether for about 10 hours and the ether 
distilled off, a residual liquid was obtained which, on fractionation, gave 
a liquid containing chlorine which had the following properties:- 
Boiling point 	 126-126.5 °C 
n20 	  1.4379 
20 
D 	  1.1147 
qeilbron
24 








- 127 C 
  
   
1.43924 
1.11 5 
   
   
    
No solid derivatives are listed. The molecular refraction 
24
Heilbron, Dictionary of Organic Compounds, Vol.', p.294 
Oxford University Tess (1934) 
35 
calculated for chloro isopropyl alcohol is 22.38. The experimental 
molar refraction was 22.25. 
Since the compound gave chloro isopropyl aleohol and chloro-
acetamide, on treatment with ammonium hydroxide, the compound must have 
been chloro isopropyl chloroacetate whose structure is:- 
H 	0 
CH? - - 0 - - CH2C1 
CH9C1 
Chloro isopropyl chloroacetate is not listed in the literature. 
The fractions of batches 1 and 2 which boiled at approximately 















   
   
   
   
Cl 	61.3 
From the above data this compound seemed to be a poly chloro 
derivative of decomposition product. It decomposed with water and reacted 
violently with ammonium hydroxide and sodium hydroxide. 
All attempts to characterize the compound failed, 
During the work with this compound a small amount was spilled on 
the arm. Even though it was immediately wished with water it produced 
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PART V (E) 
PRODUCTS OBTAINED BY CHLORINATING NC' i:HAL PROPYL CHLOROACETATE 
8 study of tables XIX and XX and figures 8 and 9 shows that 4 
fractions result from the chlorination of normal propyl chloroacetate. 
These fractions have the following approximate boiling points at 17 mm. 
0 
Highest boiling fraction at 17 mm. 	 115C 




Next highest boiling fraction 	 88 C 
Lowest boiling fraction at 17 mm. 	 6300 
The fraction which boiled at 115 °C had the following properties 
after purification:- 
Soiling point at 17 mm. 	 115 °C 
Color 	 water clear 
36.2 	 3,6.15 	 36.84 
to Cl 	 41.5 
Yield 18 
This comp 	 c_ncentrated ammonium hydroxide 
to give chloroa 	 s'n31ted 	it•.a.s a chloroacetate. The 
ether extract of 	 clYe 3n fr:Aionation a liquid, containing 
chlorine, which h 7 - e : 	 zroperties:- 
properties after purification:- 
Boiling p3int ----- 100
o
C 



































No solid derivatives are listed. 
The calculated molar refraction for 3 chloro normal propyl 
alcohol is 22.38. The experimental value obtained was 22.35. 
Since the compound reacted with ammonium hydroxide to give 
chloroacetamide and3 chloro 4rmal propyl alcohol, it follows that the 
compound was 3 chloro normal propyl chloroacetate whose structure is:- 
H H H 
Cl -C-C-C- 0 -C- CH Cl 
. 2 H H H 
U 
There is no reference to 3-chloro normal propyl chloroacetate 
in the literature. 
	 4._ 
The fraction which boiled at 100 C at 17 mm. had the following 
25Heilbron, Dicti:nary of JrFanic Compounds, Vol.1, p.322, Oxf0#11 










a liquid which contained chlorine and had the following properties:- 













1.4 5 67 
 
   









This fraction reacted with concentrated ammonium hydroxide to 
0 
give chloroacetamide, melting point 119 C, which shows that it was a 
chloroacetate. The ether extract of the filtrate gave on fractionation 
The experi.7-nti,1 anler refracn .prs 21.9. The molar refraction 
calculated for 2 7%lom 	i1ralr,71 13_101 is 22.4. 
Since the ::alompound 	 :_irllonium hydroxide to give 2 chloro 
26
Heil!Jr.7., 	 af 4:3T-_nic Compounds, Vol.I, p.322, Oxford 
University Press 
 
R r , 
 
normal propyl tt.:IiL4430arat.41014-Ar- ' . fDllows that the c 




The fraction which polled at 630 : 	n=. had the following 
:.3rnal pr.,;!1 :t_lar.aa.thetzt4 Ls not _isted in the 
properties when purified:- - 
Boiling point 	 
Batch 2 
2 
D04 	 1.1032 
2 n 0D 	 1.4252 
64.5-05 °C at 17 :a. 
Jetch 
From the physical constants of normal propyl chloroacetate fou 
in table I it was concluded that this fraction was unreacted ester. 
unreacted ester amounted to 9 per cent in batch 2 and 19.4 per cent 
hatch 3. 
The fraction of batches 2 and 3 which boiled at 88 °C reacted 
slowly with •iater. When redistilled the 2.-.).ound had the following 
properties:- 











, Cl 	 4 4111k 	41.14 
rith concentrated ammonium hydro;dde to 
give 	 point 119
e
C, thus showing that it was a 
chloro,:etate. 
mince III analysis showed that 2 chlorine atoms were 
 
present in the 1.o ._.ecule, tend since the 3 chloro normal propyl chloroacetate 
and the 2 a=.1ora 	 chloroacetate have already been shown 
to be present, tne only remaining possibility is 1 chloro normal propyl 
chloroacetata 	aulicture is: - 
tare o. 
CHI,-C12 C 0 C - CH2Cl 
Cl 
There is no reference to 1-chloro normal propyl chloroacetate 
in the literature. It was produced in 6.6 per cent Yield im batch 2 




tit the start of this investigation it was thought that chlorination 
would take place at every possible position. No dichloroacetates were 
isolated, however. Since no dithloroacetates were isolated, the major 
part of the chlorine which reacted with the ester reacted either by 
chiorinolysis or by substitution on the alcohol radical of the ester. 
For a study of the substitution reactilins it was desirable to 
know the relative rates of reaction of primary and secondary hydrogen 
atoms. These were determined in the following manner:- 
An inspection of the structure of normal propyi clabroacetate 





- CH2 - CH2 - 0 - C - C:i 2C1 
3 	2 	1 
These hydrogen atoms are divided into types 1, 2 and 3 correspond-
ing to carbon atoms number 1, 2, and 3 in the above structure. Assuming 
that all se -ven , -droflens react at the same rate, and since there are 2 
hydrogens each on carbon atoms 1 and 2, and 3 hydrogen atoms on carbon 
atom 3, the :1_31fs of monochloro substitution products per mole of 
chlorinated ester would De:- 
	
For suistitutian on carbon atom #1 	 2/7 mole or 28.5% 
For su bstitution on carbon atom #2 	 2/7 mole or 28.5% 
si:,stitution an carbon atom 4. 3 	 3/7 mole or 42.8% 
44 
4::taal average yields per mole of reacted ester, however, 
were:- 
-.5- ..astitution on carbon atom #1 ----- 6.4% 
	
Foe suoetitution on carbon atom #2 
	
28.7% 
F.11. t-.:stitution on carbon atom #3 	 22.5% 
yi.e1,4s s•ow eualitatively that the reaction rates of the 
hydrogen -ex:4 use tope 2 	type 3> type 1. 
rel.1Te riL7..es of reaction of the different types hydrogen 
atoms were fsed t4re rate of reaction of the primary hydrogens as 
unity. These r*iJotte rates were obtained as follows:- 
The r=te_ 	Of, Tiela of product where substitution occured on 
carbon h e7: tr.! 	of prozw".t where substitution occured on carbon 
t13 (prim,trr 	 2St7/22.5, out since there are 3 hydrogen atoms 
on carbon 	...ap6zod to 2 4ydrien atoms on carbon #2 the relative 
ratio is 23.7ii2.:: 	3/2 or 1.9. 
Then 	 rarboos 3 and 1 the ratio is 6.4/22.5 x 3/2 or 
./4.3. 
The rates of suostitutiat then 	hydrogens - .43,f hydrogens 
1.9, and Y hydrogens 1 where the rate of substitution of the tr hydrogen 
atom is taken as unity. 
By applying the same method to the chloronation of ethyl chloro-
acetate the rate of substitution of of hydrogen compared to the rate of 
substitution of (5 hydrogens as unity was 2.7. 
Since methyl chioroacetate and isopropyl chloroacetate yielded 
only one product which was identified, no relative substitution rates 
were obtained for these esters. 
45 
1. The methyl, ettyl, isopropyl, and normal propyl esters of 
monochloroacetic sci have man ,-,hlorinated at 120 °C. 
2. Some ch1 -3ri --1&17sia occured during chlorination, since a. small 
amount of chloro- :etyl cnIaride terms produced during each chlorination. 
3. The 	n scastitation reactions occured on the alcohol part 
part of the ester since no dichloroacetates were isolated. 
4. The al::raxima.te relative rates of substitution at 120 °C of 
the 	, 	 , an- Y.1drortm a` ,s of normal oropyl monochloroacetates and 
of the*".:7,FLrolrem &toms of ethyl chloroacetate have been determined. 
These rates for r. .711:4 propyl chloroacetate are, 0( hydrogens- .43, 0 
hydrogens 1.9, and r hydrogens 1. where the Y. hydrogen rate is unity. 
The approximate rate of substitution of the ott hydrogens of ethyl chloro-
acetate compared to the rate of theqhydrogens as unity is 2.7. 
5. One mole of methyl chloroacetate when chlorinated at 120 °C, 
gives approximately .b5 mole of chloro methyl ,chloroacetate as the major 
product. A small : . ount of chloroacetyl chloride was also produced. 
6. One mole of ethyl chloroacetate on chlorination at 120°C, 
4ves in : di ,ion to a small :,.: -.ount of chloroacetyl chloride, approximately 
.07 mole of anreact- e h l chloroacetate, .34 mole of 1 chloro ethyl 
chloroacetate, ann 	nole of 2 chloro ethyl chloroacetate. 
7. Jne _71e 	:Isopropyl chloroacetate on chlorination at 120 °C, 
gives approxim: .29 =lee of unreacted. isopropyl chloroacetate, .21 
mole of chloro 	 chloroacetate, and. 4 per cent of a compound 
which 	 in addition to a small amount of chloro acetyl 
46 
enloride. 
8. One mole of normal propyl chloroacetate on chlorination gives 
approximately .14 moles of unreacted normal propyl chloroacetate, .055 
mole of 1-chloro normal propyl chloroacetate, .22 mole of 2-chloro 
normal nropyl chloroacetate, and .24 mole of 3-chloro normal oropyl chloro-
cet,,te in addition to a small amount of chloroacetyl chloride. 
9. The following compounds, not listed in the literature, have 
been prepared and their physical properties determined: 
a. 1-chloro ethyl chloroacetate, page 30 
CH3  - CH2  C1 - 0 C - CH2  Cl 
Boiling point at 17 mm. 	77.5 °C 
n 0 	 1.4475 
D 20 	 1.3145 




- C 0 - 0 - CH2Cl 
CH201 
Boiling point at 17 mm. 	100°0 
9 
nu 	 1.4565 
2 D 04 	 1.2741 
1-clloro normal propyl chloroacetate (p.41) 
CH3 - CH2 - CHC1 - 0 - C - CH 2C1 
ooint at 17 rem. 88-89 0C 
-- 1.4491 
---- 1.2273 
- '4112 -- "' 1 CH2  - CH2 - 0 





------ 1.3058 "! 
47 
D. 2-chloro normal propyl chloroacetate (p.40) 
CH
3 
- CHC1 - CH2 - 0 - - CH P1 9, 




D 	 1.4567 
D 20  1.2793 
4 
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